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WAVE THEORY  OF  LIGHT.
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the waves are convergent and the recipient screen is placed so as to contain the  centre  of convergency — the image of the original radiant point, the calculation assumes a less complicated form.    This class of phenomena was investigated by Fraunhofer (upon principles laid down by Fresnel), and are sometimes called after his name. We may conveniently commence with them on account of their simplicity and great importance in respect to the theory of optical instruments.
If f be the radius of the spherical wave at the place of resolution, where the vibration is represented by cos kat, then at any point M (Fig. 4) in the recipient screen the vibration due to an element dS of the wave-front is (§ 9)
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p being the distance between M and the element dS.
Taking coordinates in the plane of the screen with the centre of the wave as origin, let us represent M by £, ij, and P (where dS is situated) by x, y, 2. Then
Pz = 0 - £)2 + (y ~ ^ + z\      /" = a? + f + z* ; so that
In the application with which we are concerned, £, f\ are very small quantities ; and we may take
At the same time dS may be identified with dxdy, and in the denominator p may be treated as constant and equal to / Thus the expression for the vibration at M becomes
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and for the intensity, represented by the square of the amplitude,
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This expression for the intensity becomes rigorously applicable when / is indefinitely great, so that ordinary optical aberration disappears. The incident waves are thus plane, and are limited to a plane aperture coincident with a wave-front. The integrals are then properly functions of the direction in which the light is to be estimated.
In experiment  under  ordinary  circumstances   it   makes   no   difference whether the collecting lens is in front of or behind the diffracting aperture.principle could not fail ; but, as may readily be proved in the case of sonorous waves, it is not in strictness sufficient to assume the expression for a secondary wave suitable when the primary wave is undisturbed, with mere limitation of the integration to the transparent parts of the screen. But, except perhaps in the case of very fine gratings, it is probable that the error thus caused is insignificant; for the incorrect estimation of the secondary waves -will be limited to distances of a few wave-lengths only from the boundary of opaque and transparent parts.
